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[57] ABSTRACT

Luminescent alkaline earth metal silicate aluminate
defined by the formula Srj3.g.pBasCapSi.,GeyAljg.
7Ga,0y0; Cept, Eugs+, Tb 2+, wherein, if r=0, it
holds that

0=a4b=1.5

0=p=0.75

0=q=0.25

0.001=p+q

and wherein, if p4+g=0, it holds that
0=a=310
0=b=15
a-+b=3.0
0.0I=r=1.0

‘The material 1s used in a luminescent screen, preferably
in the luminescent screen of a low-pressure mercury
vapor discharge lamp.

¢4 Claims, 4 Drawing Figures
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LUMINESCENT MATERIAL WITH ALKALINE
EARTH METAL SILICATE ALUMINATE HOST
LATTICE AND LOW-PRESSURE MERCURY
VAPOR DISCHARGE LAMP CONTAINING THE
SAME

The invention relates to a luminescent material hav-
ing an alkaline earth metal silicate aluminate host lattice.
The invention further relates to a luminescent screen
provided with such a luminescent material and to a
low-pressure mercury vapour discharge lamp having
such a luminescent screen.

Luminescent materials on the basis of an alkaline
earth metal silicate aluminate lattice are known already.
German Patent Application No. 2,028,376, which has
been laid open to public inspection, describes, for exam-
ple luminescent materials having as host materials of
BaAl>Si;Og(Ba-feldspar) and SrAlySi;Og(Sr-anorthite}.
When these lattices are activated by bivalent europium,
efficiently luminescing materials are obtained. Bivalent
europium-activated materials with mica structure are
also known, for example SrMg;AL SO 1pF2; Eu?t (see
Netherlands Patent Application No. 7,504,440).

It is an object of the invention to provide novel lumi-
nescent materials having the efficient luminescence
desired for practical application.

A luminescent material with an alkaline earth metal
silicate aluminate host lattice according to the invention
is characterized in that the material is defined by the
formula Sri.s;Ba,CapSii-,GeyAl10-:Ga020; Cep3+,
Eu,2+, Tb, +, wherein 0 =y=0.5 and 0=7=2.0, and
if the material is activated by Ce or Eu (r=0), that:

O0=a+b=1.5,

0=p=0.75

0=qg=0.25

0.001 =p+qg |
and, if the material is activated by Tb (p+qg=0),

0=a=3.0

0=b=1.5

a+b=3.0

0.O01=r=1.0 |

A luminescent material according to the invention
has as a host lattice on the compound Sr3Si1Al;0020.
This is a novel compound having an orthorhombic
crystal structure (with lattice constants: a=14.32+0.03,
b=11.32+0.02, ¢=4.907+0.007), similar to the struc-
ture of the compound Pb3SiAlj g0, which 1s known
from Monatshefte fiir Chemie, 101, 275 (1970). The
materials according to the invention are activated by
trivalent cerium, by bivalent europium or by trivalent
terbium. These activators are built into the lattice in the
Sr sites. When a trivalent activator is used, charge com-
pensation must take place. This can be effected, for
example, by substituting, together with the activator, an
equal quantity of monovalent alkali ions in Sr-sites.
Alternatively, it is possible to substitute trivalent Al in
Si-sites and/or bivalent ions, such as Mg, in Al-sites. In
the materials according to the invention a small quantity
of the Si may be replaced by Ge and also a small quan-
tity of the Al by Ga. The crystal structure 15 then re-
tained and little influence on the luminescent properties
is observed. However, a larger quantity of the above-
mentioned, relatively expensive elements, affects the
luminous flux negatively. Therefore, 2 maximum of 0.5
is chosen for the Ge-content y and a maximum of 2.0 for
the Ga-content z. It further appears that in the materials
activated by cerium or europium the strontium may be
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partly replaced by barium and/or calcium. A maximum
of 1.5 is then chosen for the Ba+ Ca-content a-+b, as
otherwise luminous fluxes are obtained which are oo
low. When the Sr is replaced to a small extent only, the
orthorhombic structure is retained. When larger quanti-
ties of Ba are used, the monoclinic crystal structure of
the novel compound Ba3StAl1pO20 (lattice constant-
s:a=7.630+0.007, b=28.892+0.007, c¢=13.113=x0.012,
3=89°31"+4") is then found in addition to the SriS1Al;.
00sg-structure. It appears that the monoclinic Ba-com-
pound does not luminesce efficiently when 1t 1s acti-
vated by cerium or by europium. In the terbium-
activated materials, the calcium content b must also be
limited to a maximum of 1.5 in order to obtain high
luminous fluxes. However, it appears that in that case Sr
can be wholly replaced by Ba (a=3.0), as the mono-
clinic BajSiAlipO2pis very efficient when aclivated by
terbium. The activator contents p, q and r are chosen
within the above-defined imits. A very small quantity of
an activator element can already result in an efficient
luminescence. The activator contents are chosen so that
they do not exceed the above-defined upper hmits, as
otherwise luminous fluxes are obtained which are too
low, due to concentration quenching.

The Ce}+-activated materials have a strong emission
band in the ultra-violet part of the spectrum with a
maximum at approximately 365 nm and a half-value
width of approximately 55 nm. They can be properly
excited with short-wave ultra-violet radiation and are
therefore used to great advantage in the luminescent
screen of low-pressure mercury vapour discharge lamps

~ (predominantly 254 nm-excitation). These lamps are

33

43

50

33

65

used for influencing photo-chemical processes.
When activated by bivalent europium materials are

‘obtained which can be satisfactorily excited with both

short-wave and long-wave ultra-violet radiation and
which have an efficient, relatively wide-band emisston
in the blue part of the spectrum and a maximum at
approximately 465 nm and half-value width of approxi-
mately 95 nm. Their use in the luminescent screen of,
for example, low-pressure mercury vapour discharge
lamps furnishes many advantages, particularly if these
materials are used in combination with other lumines-
cent materials in such lamps for general lighting pur-
POSES.

The Tb3+-activated materials have, when excited by,
for example, short-wave ultra-violet radiation the char-
acteristic, predominantly green, Tb-emission. These
materials are particularly suitable for use in the lumines-
cent screen of low-pressure mercury vapour discharge
lamps for special purposes (for example electrophotog-
raphy) and also as the green component in combination
with other luminescent materials in such lamps for gen-
eral lighting purposes.

Preference is given to materials according to the
invention which are defined by the formula Sri,.
»Ba,CapSiAljp0O20; Cep?*, wherein 0=a+b=1.0 and
0.10=p=0.50, and wherein charge compensation for
the cerium is effected by substitution of Na and/or K in
a Sr-place and/or by substitution of Al in a Si-place.
Namely, in the case of activation by Ce, the highest
radiant fluxes are found for the Ge- and Ga-free materi-
als, the contents a, b and p being selected in the said
ranges.

A second preferred group of materials according to
the imvention is defined by the formula Sri.g.5BaCag
SiAlipO2; Eug2+, wherein 0=a+b=10 and
0.01 £q=0.15. Namely, the most efficient Eu’*-emis-
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sion is obtained with these materials. As the bivalent
europium replaces Sr-ions, charge compensation is not
required here.

Finally, preference is given to a group of matenals
defined by the formula SriBa;SiAlijgO; Tb,3 T,
wherein 0=a=3.0 and 0.10=r=0.50, and wherein
charge compensation for the terbium has been done by
substitution of Na and/or K in a Sr-place and/or by
substitution of Al in a Si-place. The most efficient Tb-
emission is obtained with the above-mentioned wvalues
for a and r, charge compensation being performed as
indicated here.

The luminescent materials according to the invention
can be prepared by means of a solid state reaction at a
high temperature of a mixture of starting matertals con-
taiming the component elements, for example the oxides
or compounds yielding these oxides on heating. Gener-
ally, the luminescent materials are prepared by heating
in a weakly reducing atmosphere. It 1s often advanta-
geous to perform the heating operation in several steps,
the reaction product being cooled and homogenized
between each step. The use of a slight excess of S10;
may promote the reaction. It is, in general, not neces-
sary to remove the excess of Si0O; from the reaction
product.

Some embodiments of the invention will now be
described with reference to a drawing and a number of
examples and measurements.

In the drawing

FIG. 1 shows schematically and in cross-section a
low-pressure mercury vapour discharge lamp compris-
ing a luminescent screen according to the invention,

FIG. 2 shows the emission spectrum of a material
activated by Ce,

FIG. 3 shows the emission spectrum of a material
activated by Eu and

FIG. 4 shows the emission spectrum of a material
activated by Th.

In FIG. 1 reference numeral 1 denotes the glass walli
of a low-pressure mercury vapour discharge lamp ac-
cording to the invention. Electrodes 2 and 3 are dis-
posed, one at each end of the lamp, the discharge taking
place between these electrodes during operation of the
lamp. The lamp contains a rare gas, which serves as the
starting gas, and also a small quantity of mercury. The
inside of the wall 1 is coated with a luminescent layer 4,
which contains a luminescent material according to the
invention. The layer 4 can be provided in a customary
manner on the wall 1, for example by means of a suspen-
sion containing the luminescent material.

EXAMPLE |

A mixture 1s made of

6.503 g SrCO;

0.942 g Si03

0.258 g CeO»

7.723 g Al,Oa,

This mixture was heated for 2 hours 1n a furnace at a
temperature of 15350° C., nitrogen containing 2% by
volume of hydrogen, which was first passed through
water having a temperature of 20" C., being passed
through the furnace. After cooling and pulverizing, the
product obtained was once again sub)ected to the same
temperature treatment. After cooling and homogeniz-
ing, it appeared that a luminescent silicate-aluminate
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was obtained defined by the formula Sr;.9Cep 1S10.9Al0.

10720, When excited by short-wave ultra-violet radia-
tion (predominantly 254 nm), this material appeared to

4

emit in the near part of the ultra-violet spectrum. FIG.
2 shows the spectrum of the emitted radiation. In this
Figure, the wavelength A is plotted in nm on the hori-
zontal axis and the radiation energy E 1n arbitrary units
on the vertical axis. The peak height P of the einission
band appeared to be 57% with respect to the peak
height of the known, lead-activated barium silicate
which emits in the same part of the spectrum, but which
has a narrower emission band. The absorption A of the
exciting (254 nm-) radiation was 79%.

In a simtlar manner as described in the above example
a number of Ce-activated materials was obtained. The
formulae of these materials, as well as the results of peak
height P measurements (in % of the above-mentioned
standard) and of absorption A (in %) are summarized in
the following Table I. The examples 1 to 5, inclusive,
show the ifluence of the Ce-concentration. The exam-
ples 6 to 9, inclusive, show Ba- and Ca-containing mate-
rials. In the examples 10 and 11 charge compensation,
by means of Na or K, has been effected.

TABLE 1

Example Formula P A
] Sr2.9Cep.1510.9A110. 1020 57 79
2¥) Srz.8Ceqn.2Sig gAl1p 7020 66 R7
3 Sr; 7Ceq.1S10.7A110.1020 66 86
4 Sri 6Cen aSip gAlio 4020 63 92
5 Sr3 sCep sSig5A110.50720 58 91
6 Sr2 15Bag.6Cep.25510.75A110.250720 58 90
7 Sri.75Ba) gCep.25519.75A110.25020 66 59
8 Srz.15Cap 6Ce.25810.75A110.25020 64 90
9 Sr1.75Ca1.0Ceg.25510.75A110.25020 62 92
10 Sr3 sgNag 25Ceqn 2551A 1100720 74 90
1] Sy 50K 75Cegp 25851A1 100720 &1 91

) appeared that a low-pressure mercury vapour discharge lamp of the type
described with reference to F1G. | (40 W), pravided with this luminescent matenail
(quantum efficiency approximately 65%) showed, after 100 hours burning, a decay
af the radiant flux of anly 5.8%. By way ol comparison it should be noted that lamps
provided with the above-mentioned matenal used as the standard, appeared to have
a decay of 12.1% after having been in operation for 100 hours.

EXAMPLE 12

A material activated by Eu was prepared by a
method similar to that described in Example 1, starting
from a mixture of

6.723 g SrCO;

1.571 g $10; (50% excess)

7.647 g Al,Os

0.027 g Eu,0;.

The emission spectrum (at 254 nm excitation) of the
material obtained, which is defined by the formula
Sr2 99Eu0 01S1Al1g0O20, 1s shown in FIG. 3.

Three additional, Eu-activated, materials were pre-
pared by means of the same method as described in
Example 12. The formulae of these materials and results
of the measurements of peak height ph and absorption
A (in %) are summarized in Table I1. The peak height
i1s now indicated in % with respect to a known, Eu-
activated, Ba-Mg aluminate.

TABLE I1
Example Formula ph A
12 Sry g99Eug 0151Al1002n 30 72
3 Sty 95Eup 0251A 110025 30 80
14* 512.97Eu0.0351A 110020 33 85
S S g94Eu0 0651A 119020 26 91

*This malerial had a quanium efficiency ol approximately S0% .
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EXAMPLE 16

Th-activated materials according to the invention
were prepared by means of a similar method as de-
scribed for Example 1, a material defined by the formuia
Sr2 4 Thg 3Nag 381A 115020 being obtained. The graph of
FiG. 4 shows the characteristic Tb-emission of this
material (at 254-nm-excitation). The quantum efficiency
of this material was approximately 45%. A material
defined by the formula Baj; 7Tbg 3810 7Al10.3020, having
a quantum efficiency of approximately 53%, was also
prepared.

What i1s claimed is:

1. A terbium or cerium activated alkaline earth metal
silicate aluminate luminescent material having a compo-
sition selected from the formulae:

Sri. Ba SiAl g0:Th,

wherein 0=a=3.0 and 0.10=r=0.50 and wherein
charge compensation for the terbium is achieved by
substitution of Na and/or K in a Sr site and/or by Al in
a 51 site and;
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6

Sr3.0.5Ba,CapSiAljg020:Cep’ +

wherein 0=a+b=1.0 and 0.10=p=0.50 and wherein
charge compensation for the certum is achieved by
substitution of Na and/or K in a Sr site and/or Al in a
Si site.

2. A luminescent material as claimed in claim 1, char-
acterized in that the material 1s defined by the formula
Sr3.q.6BagCapSiAl|¢Oa0; Cep’+, wherein 0=a+b=1.0
and 0.10=p=0.50, and wherein charge compensation
for the cerium is performed by substitution of Na and-
/or K in a Sr-site and/or by substitution of Al in a Si-
site.

3. A luminescent material as claimed in ciatm 1, char-
acterized in that the material is defined by the formula
Sr3.a.-BagSiAligO; ThbA+, wherein 0=a=3.0 and
0.10=r=0.50, and wherein charge compensation for
the terbium is effected by substitution of Na and/or K 1n
a Sr-site and/or by substitution of Al in a Si-site.

4. A low-pressure mercury vapor discharge lamp
comprising a glass envelope having electrodes at oppo-
site ends of said envelope and, disposed on the inside
side wall of said envelope, a luminescent material of
claims 2 or 3.

%* % x &
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